INTRODUCTION
ing minerals [Kudesia 2003 ]. Fluorite (CaF 2 ) is a source of industrial mineral and a major source of fluoride contamination in water and soil. The disposal of industrial waste leads to the contamination of river with fluoride along with other toxic materials. Fluoride is essential for normal mineralization of the bones and formation of dental enamel [Ceopalan 2003 ].
Fluoride, if taken in small quantities, is usually beneficial; on the contrary, long-term consumption of water containing excessive amounts of fluoride can lead to fluorosis of teeth and bones due to replacement of calcium in the bones and teeth. The excessive intake of fluoride may cause dental and skeletal disorders [Jamodei et al. 2004 , Gonzales et al. 2004 , Solangi et al. 2009 ].
Reverse osmosis (RO) can completely defluoridate water, but in practice, it depends on the level of pressure applied and membrane capacity [Meenakshi, Maheshwari 2006 ]. This process is energy intensive and it is not cost-effective. Hence, more techno-economically feasible solu-tions i.e., passive filtration methods are required that are not dependent on electricity. These methods should use inexpensive materials and simple treatment procedures, which can be maintained in rural areas at low costs.
Hence, there is an imminent need of alternative passive de-fluoridation solutions. Different biomaterials have been used for purification of water since ancient times [Ige et al. 2012 ]. Studies have reported the use of biomaterials, such as tamarind seed [Subramanian, Dhana Ramalakshmi 2010] rice husk, egg shell, peanut shells, saw dust, coir dust, sea weeds and corn cobs [Mondal et al. 2012 ]. An earlier study has proved the ability of tamarind seed kernel powder to remove chromium and other heavy metal ions from by forming complexes through replacement of hydrogen [Mishra 2013 ]. This seems to be cost effective in the removal of fluoride. This bio-sorbent can replace activated alumina which is the only household solution available currently. However, activated alumna process requires huge quantities of water, chemicals for pre-treatment and regeneration/disposal of used beds.
This study investigates the potential of tamarind seed powder, a waste from food industry for the removal of fluoride ions in water. The tamarind seed powder was immobilized in alginate matrix for easy handling and use. The study was aimed to devise a simple, inexpensive and viable de-fluoridation method that could be adopted easily by rural and semi-urban communities. The factors influencing fluoride removal were studied using a column packed with tamarind-alginate beads. The beads were characterized using Scanning Electron Microscopy (SEM) and EDX. 
MATERIALS AND METHODS

Estimation
Preparation of bio-sorbent material
The tamarind seeds were collected from the local market, washed to remove any contaminants; and air dried at 60 °C for 2 days. The dried seeds were powdered using a home blender to a particle size of 200-250 micron. 3% sodium alginate solution was prepared and 2 g of tamarind seed powder was mixed for making beads. The beads were prepared using a peristaltic pump dripping method into an excess of 0.2 M CaCl 2 solution at room temperature. The beads were left in the solution for 3 hours and later rinsed thoroughly several times with distilled water. Figure  1 shows the picture of the beads prepared.
Batch testing of the bio-sorbent
Preliminary laboratory tests were conducted to check the fluoride removal efficacy. Batch sorption tests were carried out with a known weight of bio-sorbent in a predetermined volume of synthetic fluoride solution. The contents were agitated in a rotary shaker (120 rpm). After 2 hours of contact time, the sorbent was separated and fluoride concentration was estimated in the filtrate.
Fixed bed column set-up
The filter column of 2.5 cm diameter was loaded with the adsorbent to a height of 60 cm. 50 ml of standard solution of fluoride (2 mg -l -1 ) was run through the filter column during the experiments. The filtrate was estimated for residual fluoride concentration by SPADNS Method [APHA, AWWA, WEF 2005]. The fixed bed column is shown in Figure 1 .
Analytical techniques
Scanning electron microscopy was done on select samples using Hitachi S-520 SEM instrument at an accelerating voltage of 15 kV and Hitachi HUS 5GB vacuum evaporator for gold coating. UV-Vis Spectrophotometer (Shimadzu) was used at an absorption wavelength of 570 nm to measure the fluoride concentrations before and after each run. The analysis and runs were in triplicate for all the experiments.
The samples have been scanned in a Nicolet 6700, Thermo-Scientific instrument over the Mid-IR Region from 4500 -400 cm -1 . The spectrum obtained is averaged for 36 times with a spectral resolution of 4 cm -1 .
BET Analysis for measuring the pore size and, pore volume and pore size distribution was performed using Quantachrome Instuments ASiQwin -Automated Gas Sorption Data Acquisition and Reduction.
RESULTS AND DISCUSSION
Characterization of adsorbent biomaterials Scanning electron microscopy
Scanning Electron Microscopy (SEM) images of the bio-sorbent i.e., the control alginate beads (with no tamarind seed powder) and tamarind seed powder incorporated alginate beads were taken at several magnifications to observe the morphological changes due to the immobilization of tamarind seed powder. The SEM-EDX of the same was shown in Figure 2a and Figure 2b respectively. Images of the control beads show cubical structures, whereas that of the tamarind-alginate bio-sorbent bead appears to be heterogenic likely due to the organic components in the tamarind seed powder. The EDX confirms the presence of organic components in the tamarind. The organic functional groups Hence, the combination is synergistic. EDX of the tamarind-alginate beads also shows the presence of magnesium, and aluminium which could be likely from the tamarind source. An earlier study [Subramanian, Dhana Ramalakshmi 2010] indicated the reason for sorption of fluoride could also be through hydrogen bonding in tartaric acid.
Fourier Transform Infra-Red characterization
Comparison of the peaks obtained by FTIR Analysis (Figure 3 ) over the Mid-IR Region from 4500 -400 cm -1 reveal peaks corresponding to C-H wag and C=O stretch. The peak of interest here is between 1300 and 1150 cm -1 corresponds to C-H wag. It can be seen in Figure 3 that the peak reduces in the spent beads (Tamarind seed immobilized sodium alginate beads used for fluoride removal) compared to the unused loaded beads, possibly due to the replacement of H with F -due to fluoride removal by hydrogen bonding to tartaric acid.
Brunauer-Emmett-Teller pore size analysis
BET analysis gave the exact pore size distribution, pore radius and micropore volume. The pore radius was found to be 15.8 A˚ and the micropore volume was found to be 0.005 cc -g -1 . Figure 4 shows the DA Plot obtained by nitrogen multilayer adsorption.
Removal of fluoride by batch tests
It was determined that the average concentration of fluoride in the field water samples collected from fluoride contaminated areas was 1.996 mg -l -1 , which is well above the permissible limits of 1.5 mg -l -1 [WHO 1984 ]. Hence, a synthetic fluoride standard of 2 mg -l -1 was used. 2 g of the bio-sorbent in 200 ml of synthetic fluoride water sample containing 2 mg -l -1 was agitated in a rotary shaker (120 rpm). After 2 hours of contact time, the filtrate contained 0.2486 mg -l -1 of fluoride which indicates 87% removal efficacy.
Factors influencing removal of fluoride by column studies
Three factors i.e. flow rate, retention time and the number of runs were studied for optimizing the use of the absorbent for de-fluoridation purposes.
Effect of flow rate and number of runs on defluoridation
The effect of flow rate is usually an important factor that controls absorption. In this study, it was controlled using a peristaltic pump. Fluoride removal efficacy was tested with three different flow rates i.e., 70 ml -h -1 , 90 ml -h -1 and 110 ml -h -1 . 70 ml -h -1 gave the best fluoride removal rates reducing levels to 0.7 -0.5 mg -l -1 (Figure 5a ). Slower flow rates would be explored in the future study.
Multiple runs of the filtrate were tested for each of the flow rates. The first run brought down 
Effect of retention time
Retention time is another factor that affects adsorption of any chemical species. Greater retention time allows more adsorption to take place. Figure  5b indicates that in the first one hour, the fluoride level dropped down drastically from 2 mg 
CONCLUSIONS
Tamarind seed has been extensively used for fluoride adsorption purposes. This study improved the handling, storage and transport of the adsorbent by incorporating it in an alginate matrix. The study clearly indicated the potential of tamarind seed powder as a bio-sorbent for the removal of fluoride. The immobilization of tamarind seed powder in sodium alginate gel beads seems to have a synergistic effect on de-fluoridation. Moreover, it prevents colouration of water due to the sorbent. EDX of the sorbent revealed the presence of organics, magnesium and aluminium, which may be responsible for de-fluoridation. The flow rate, retention time and the number of runs were factors that influenced the fluoride removal efficacy of the system.
